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Executive Summary

The lllinois Emergency Management AgeiiliMA) is mandaedwith protecting public health and

safetyand the environmenfrom thepotentially harmful effects ofonizing radiation In support of

that mission IEMA conducts environmental monitoring for the presence of radionuclides around

'l inoisd six operating nuclear power stdtions .
Zion Nuclear Power Station, which ceased operation in 1997 and is currently undergoing
decommissioning.

| EMAGs environment ahbsthme primaryfunciiomsg 1) golieciog ofalinerse
sampledrom carefully chosen locatioms a routine bsis, including simultaneous field surveillance;
2) testing of samplefor radionuclides and 3) evaluation of test results on both an individual and
long-term basis

Federal regulations establish standards for protection against ionizing radiation rgsdtbm
activities conducted under U.S. Nuclear Regulatory Commission (US NRC) licenses, such as
operation of nuclear power stations. The U.S. Environmental Protection Agency (US EPA) sets
drinking water standards for several types of radioactive contamt&) the limit for tritiumin
drinking water is used for comparison purposes within this report.

In 205, 805samples were catted, teste@gnd evaluatedSampleypes monitored by IEMAnclude
water, sedimentsoil, air,vegetationand fish. In addion, 1649 environmental dosimetrs were
deployed around theuclearpower stations, then collected, tested and evaluated by IEMA.

In 2015 all test results f or sampl es coll ected as part of | E
program for nuclear power statios were below federakafety standards and guidelines

Tritium was theonly radionuclide detectedttributable to nuclear powestation operations It was
detected in several water samples. Tritium is a normal part of the effluent stream of nuclear powe
stations and the concentrations detectegre well below the US EPA limit for tritium in drinking
water.

Environmental dosimetry test results provide a baseline of ambient gamma radiation levels within a
1@mile radits of each nuclear power stati@md other background reference locations across the
state.

In 2015 all test results for ewironmental dosimetry were consistent with established|
background levels except for higher readings near the spent fuel storage casks in Zion, whi,
were expecteddue to the close proximity of some dosimeters fo the casks

g

In parallel with environmental monitoring, IEMA operates a stak¢he-art Remote Monitoring
System (RM$ at all six operating plants. The oneof-a-kind RMS consists of three separate
subsystem: the Reactor Data Link (RDL), the GaseoultuEht Monitoring System (GEMSand
Gamma Detection Network (GDN). The GEMS is capable of identifying and measuring the presence
of radioactive materials leaving each nuclear power statimugh the effluenstack, and the GDN

is capable of measuring radiation in the surrounding environménit environmental monitoring
independently confirms that the environs around the lllinois nuclear power stations treasd
protective of public health, safety and tleavironment. Results from the GEMS and GDN are
summarized in this report.
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lllinois Emergency Management Agency

Environmental Monitoring Program for Nuclear Power Stations
Report for Calendar Year 208

Introduction

With 1loperating reactors at sixutclear power stations, lllinois is home to more commercial nuclear
power generation than any other state in the country. Although direct regulatory authority over all

U.S. nuclear power stations rdeswith the U.S Nuclear Regulatory Commission (UMRC), the

lllinois Emergency Management Agency (IEMA) is mandated with protecting public health and
safety and the environment from the potentially harmful effects of ionizing radiatiosuplort of

that mission, IEMAconducts environmental monitoringpr the presence of radionuclidesound
I'l'linoisd& six oper atlEMA@lisomaiotdins a monipng program indhe i on s
environs of Zion Nuclear Power Station, which ceased operation in 1997 and is currently undergoing
decommissioning.

In addition to &raditionaléenvironmental monitoring through sample collection and analysis, IEMA

has deployed a Remote Monitoring SystenRMSRMS) aro
is an advanced, integratedomputerbased system that continually anitors selected plant

operational parameters at each facility and is capable of identifying and measuring the presence of
radioactive materials in the surrounding environment.isTdneof-a-kind systemconsists of three

separate subsystems: the ReactaatéD Link (RDL), the Gaseous flefent Monitoring System
(GEMS)andthe Gamma Detection Network (GDN).

Data from the RMS is collected and monitored 24/7. IEMA has developed software to continually
monitor and analyze the RMS data and provide notificatibnrmsual occurrences to arall IEMA
personnel.

Thi s r epor t Eiemimertal Monitbriadetédgdas) including data from the RM$or the
period Januar015through DecembeP015for the six operating nuclear power stations in lllinois
and the oe nuclear power station undergoing decommissioning.

ProgramOverview

Critical pathways for potential radiatioexposure to the public includagestion fran drinking
water and foodstuffeind external gamma radiation from noble gasE8IA hasidentified sampling
locationsthat provide sample types appropriate to determine if a public health or environmental
radiological impact is detected in the environs of tluelear power stationglue to their operation

In addition, st results stablish basefie datathat can be used to perform exposure assessnients
necessary and to compare environmental radioactivity measurements in the evesigmifieant
release of radioactivignywhere in thevorld.

IEMA collects samples frordesignatedsamplinglocations on a routine basis. IEMaAsts these
samples for the presence of radionuclidésst results are evaluatet both anndividual and long
term basis.
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Sample matrices monitored by IEMA includarface and public drinkingvater, sedimentirom
nearby waterways soil, air, vegetatioand fish. In2015 805 samples were collected, testadd
evaluated. In addition, 1649 environmental dosimetrs were deployed around tmeiclear power
stations, then collected, tested and evaluated by IEMA.

ProgramUpdate

In previous years, IEMA relied on a contractor for collection of the vast majority of samples taken in
the environs of nuclear power stationollowing the Fukushima incident, IEMAommencd the
process of moving toward independent sample ctbla. Since then, IEMAasdeveloped and
refinedindependentsampling plansn the environs of the six operating nuclear power statiand

the one nuclear power station ungeing decommissioning. These sampling pladdressall
sample typegsoil, vegetation, water, fish and sedimerahd IEMA collected samples in accordance
with these plans throughouR015 IEMA plans to collect and analyze milk samples beginning in
2017.

In late 20131EMA establishedsangchrisLake State Parknear Kincaid, lllings as a Background
Reference Sitanddeveloped @orrespondingsampling plan. This site was chosgueits distance
from nuclear power stations anitls closeproximity to Springfield. In addition to Sangchris Lake
State Park, the Springfield office ahdtts Street is a Background Reference Site for air sampling.
Test results for samples collectadbothBackground Reference Sites can be found in Appendix H.

Results at a Glance

Federal regulations establish standards for protection against ionizkgation resulting from

activities conducted under US NRC licenses, such as operation of nuclear power stations. The U.S.

Environmental Protection Agency (US EPA) sets drinking water standards for several types of
radioactive contaminants; the limit fdritium in drinking water is used for comparison purposes
within this report.

n 2015 al / test results for samples coll ected
program for nuclear power stations were below federaland state safety standards and
guidelines. No radionuclides associated with nuclear powerstation operations, except for
tritium, were detected in samples collected neanuclear power stations. Other radionuclides
detected were naturally occurring.

As stated aboveyitium was the oty radionuclide detected attributable to nuclear power station
operations. It was detected in several water samples. Tritium is a normal part of the effluent stream
of nuclear power stations and the concentrations detected were well below the US EP#otimi
tritium in drinking water.

Environmental dosimetry test results provide a baseline of ambient gamma radiation levels within a
1@mile radits of each nuclear power statiamd other background reference locations across the
state.

In 2015 all teg results for environmental dosimetry were consistent with establisheqd
background levels, except for higher readings near the spent fuel storage casks in Zion, whych
were expecteddue to the close proximity of some dosimeters to the casks
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Analysisof Data

Negative numbers in the tables of this report are the values reported by the IEMA Radiochemistry
Laboratory. Each batch of samplesounted with a sample blank to determine a background for
each analytical instrument and each type of mediumdeaimalyzed. That background reading is
then subtracted from the analytical resultvhen the sample has very little radioactivity, subtracting
background values may actually result in a negative number.

Limits of Detection

All analytical methods haveniitations: amounts that are just too small to be detected. The
Minimum Detectable Concentration (MDC) im& a p measure iofidat limitation d an estimate

of the lower limit ofdetection It is defined as the smallest quantity that an analyticahogtthas
95% likelihood of detecting. For example, the MDCIfdE MA & s  m &itium indvatdr s 200
picocuries per liter gCi/L). Given a sample with a tritium concentration of 200 pCi/L, our
laboratory would detect that tritium approximately 95 tirm@ut of 100. Samples with less than 200
pCi/L could be detected, but with less certaintfonversely, samples with motiean 200 pCi/L
would be more likely to be detected, approaching 100% as concentrations increase.

Analytical methods are chosen,part, on their MDC. As a general rule, methods are chosen such
that their MDC is less than 10% of any applicable regulatory liffiite MDCsfor each analytical
methodare not included inthis report.

Understanding a Test Result with a Confidence Interal

Test results in this report contain columns of information labeled Resudt*U (Uncertainty at a

95% confidence level) This is a standard method for reporting laboratory analysis results, and it
allows the reader to look at factors that may affdwe results, or may put the results into
perspective.

What does a tritium result of 519 + 99.5 pCi/L, with 95% confidence, ntaest?the unit, pCi/L, is

used to measure the amount of tritium, in picocuries (pCi), present in one liter (katef. Thus,

the result tells us the analysis foutitat the sample contain§19picocuries of tritium per liter.

However, all measurements have some uncertainty associated withdtsemme range of values

which the analysis, if repeated, could reasonably beargd to be the resultin this case, the

uncertainty is + 99.5 pCi/Lf repeated, the analysis could reasonably be expected to return values as

low as 519 99.5 = 419.5 pCi/L and as high as 519 + 99.5 = 6189 gCeéL. st at ement owith
confidencé tell s us |just how cert ailnthisveaasedhemeisa®%Wabout t
probability that the sample contains between 419.5 and 618.5 picocuries of tritium per liter of water.

Radiation Exposure Pathways toHumans

Samples collectefor the IEMA environmental monitoring program reflect the critical pathways that
radionuclides could be transported to and ingested by the gépepulation: water, sedimengnd

fish rom lakes and rivers downstrearsmd groundwater from nearbyells. Figure ldepicts the
different exposure pathways through which people may be exposed to radiation, or may ingest
radioactive material.
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Figure 1. Radiation Exposure Pathways tdumans
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Water Samples

Nuclear power stations use large volumes of watet discharge this water to rivers and lakes. This
discharge is regulated by the UMRC and the lllinois Environmental Protection Agency (IEPA).
Impacted bodies of water include the Kankakee, lllinois, Rock and Mississippi Rivers, Lake
Michigan and Clinbn Lake. IEMAtests samples from these bodies water and from public
drinking systems that draw their water from them.

Plant operations can also impact groundter; therefore IEMA also analyzes samples collectem
wells in and around thauclearpower statons Groundvater samples are collected and analyzed
quarterly. For all water samples, typically4 3iters are collected per quartekVater samples are
screened for gross alpha and gross beta actaiity,are submitted for gamma spectroscapglysis
including, but not limited to, reacteproduced and naturalipccurring radionuclides such &3,
Ba140, B&/, Ce58,C0-60, Cs134Cs-137Fe59, 131, K0, Mn54, Nb95,Zn-65andZr-95. (See
Appendix Ifor Radionuclide Abbreviations.)

Tritium (H-3) is a normal component of the effluent stream of nuclear power plants. Liquid effluents
from the nuclear power stations are released to waterwmger permit from the IEPA Water
samples are analyzed ftritium and the results are compateo the US EPA drinking water
standard of 20,000 pCi/L.

Soil Samples

Radionuclides released into the air would be expected to eventually settle to the ground in locations
downwind. IEMA analyzes soil samples collected from land aroundublear powe stations Soill
samples are collectesemiannually in thespring and the fall All soils are submitted for gamma
spectroscopy analysiscluding, but not limited tQ reactorproduced and naturallyoccurring
radionuclides such a&c-228, Bal40, BR212Bi-214,Co0-58,C0-60,Cs134Cs-137 Fe59, K40,
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Mn-54, Nb95, Pa234m, PR210Pb-212Pb-214, R&226, Th234, T+208, U235, Zn65and Zr95. It
should be noted that as a remnant of atmospheric nuclear weapons t&S§1i@,7is routinely
observedn soiland sedimenat concentrations of 0.2 pCi/g.

Sediment Samples

Radionuclides released into rivers would be expected to accumulate in sediments downstream.
IEMA analyzes sediment samplt#®at are collected from the rivers and lakes downstrezinthe
nucl ear p oeffleaent paintsa $ediments @e collected sarmually in the spring and fall.

All sediments are submittebr gamma spectroscopy analysisluding, but not limited tg reactor
producedand naturallyoccurringradionuclides such aéc-228, Bal40, BR212, BR14, Ceb8, Ca60,

Cs134, Csl137, F&9, K40, Mn54,Nb-95, Pa234m, PB210, P12, P14, Re226, Th234,

TI-208, U235, Znr65andZr-95. Again it should be noted that as a remnant of atmospheric nuclear
weapondesting,Cs-137s routinely observed in sediment and soil at concentrations @f.R.aCi/g.

Fish Samples

Fish are excellenbio accumulator®f radionuclides. Fish sample®re collected from rivers, near
nuclear power station discharge points. €sch location, two different species of fisere ollected
and are referenced tp-feeders and bottoreeders.Edible portions of the fislvere harvested and
analyzed. Like sediments, fish samplese analyzed for reactggroducedand naturallyoccuring
radionuclides using gamma spectroscamstuding, but not limited to, radionucliés such as BE4O,
Be7, Ce58,Co0-60, Csl34, Cd37, &9, 131, KI0, Mn-54, Nb95, Zn65and Zr-95. The results
showed no concentrations of reacimoduced radionclides above background levels in any of the
sampled fish.

Vegetation Samples

Radionuclides released inthe atmospheravould be expected tdeposit on the groundownwind
from the nuclear power stationand are transported to the root system of plantgen it rains.
Plants may take up or metabolize radioactive materials in the Sédgetation samplesvere
collectedfrom the area arouneach ation in the late summer or fall All vegetation samples
submitted for gamma spectroscopy anaysicluding, but not limited to,reactorproduced and
naturally-occurring radionuclides such 8140, B&/, Cae58, Ce60, Cs134, Cd37, R&9, 131,
K-40, Mn-54, Nb95, Zn65 and Z¥95.

Air Samples

The Zion Nuclear Power Station permanently ceased operatioFebruary 1998, and has been
storing spent fuel orsite. Due to decommissioning activities, IEMA maintains a network of air
monitoring stations around the Zion Station. Air samples are collected continuously, with the air
filters being changed and alyzed weekly. The air filters are analyzed for gross alpha and beta
through gas proportional countingBoth Zion and the Springfieldackground site also collect one

air sample weekly on a charcoal cartridge. Cartridges are submitted for gamma spegtros
analysis including, but not limited to reactproduced and naturalkpccurring radionuclides such

as Ber, Cs137,4131, K0, Tel32and Xel31lmAppendix G includes the results of the aartridge

and filter analyss for Zion in 2015 and Appentk H includes comparative results f@&ackground
Reference Sites
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Gaseous Effluent Monitoring System

IEMA continuously monitors gaseous effluents from all operatingjearpower stations with the

GEMS which provides automatic, #ine, continuous sapling of each nuclear power plant effluent
stack(s). The GEMS measures and identifies particulates, noble gases and iodines over a wide range
of concentrations, from background levels potential releases of radioactive materiaider
emergencyanditions.

The GEMS can be controlled remotely during nuclear power plant emergencies to provide flexibility
in sampling. The screen showim Figure 2 below details the remote operation data for the Dresden
Nuclear Statbn GEMS gquipment.

Figure 2. ComputerDisplay of GEMS Data
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The GEMS equipment shown Kigures3A and3Bbelowwereoriginally designedy SAICand re
designed by IEMA persoeh The radesigned units werbuilt, installedandare currently
maintained by IEMA personnel.

Figures3A and B. Photos of GEMS Equipment
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Ambient GammaMonitoring

IEMA maintains a network ob15environmental dosimeters around thix operatingnuclear power
stations and Zion Unlike the environmental samples describpeviously dosimeters do not
provide information on what radionuclides are found in the environment. Instead, dosimeters
provide a direct measurement of the total dose produced by all sources of gamma radidtidingin
naturally occurring radionuclides and cosmic raiygegrated over time The dosimeters are arrayed
within a 18mile radius of each plant and are exchanged and analyzed qualiviA performs the
analysis of the dosimeterdVhile the dosimetes are used to monitor for small changes in ambient
background levels of gamma radiation that could result frutiear power statioractivities, they

also play another important rolén the event of a significant edfte release from a nuclear plattie
environmental dosimeters would be collected, read and used to determine the extent and magnitude
of the release, along with an estimate of the radiation dose that may have been bscitigageneral
public.

Resultstables for environmental dosimeseanalyzed durin@015are included in the sitgpecific
sections of thisreport. In addition to the quarterly results, which are expressed as the average
millirem per day, we have used those results to calculate the approximilitem per year that

would have been accrued by an individual at that location for an entire year. Those numbers can be
compared to the average radiation exposure to an individual om@em per year from various
sources (according to the 2009 National Council on Radigdianot ect i onds Report)
8% of that expsure is from terrestrial andosmic radiation (background radiation), and equals
approximately 49.@énillirem per year.

Figure 4. Sources of Radiation Exposure to Man
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Reprinted with permissior\atitveal Council on Radiation Protection and Me@sipehEDRPpublications.org)
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Gamma Detection Network

In addition to placing dosimeters around the nuclear power stations, IEMA manages the GDN
which is a network ofReuterStokesdetectors phced radially around each of the nuclear power
plants to detect gamma radiation levels in the environment. Sixteen detectors surround each nuclear
plant site at approximately -3 miles from the plant. Each sensor is capable of detecting gamma
radiation n the range of small background levels up to 10 RBhownin Figure 5 is an analytical
display for the Clinton Nuclear Station with meteorological and GDN radiation informatidrich

would beutilized by IEMA health physidsts to evaluate envimmentalimpacts of a releaséigure

6is a photo of a typical GDN field installation.

Graphicrepresentation®f GDN data collecteduring 2015from each ring of detectors around each
nuclear power station are included in the s#pecificAppendicesf this report. Each of thee6GDN
stations is coded with a different colon the graph.

Figure 5. Display of Gamma Detection Network around Clinton Nuclear Station

0 cuon 1

Gamma Detection Network Radiation Readings (mR/h) Meteorological Conditions

Wind Direction Dnwd Sector Wind Speed Tower Height
2537 CDE 8.0 MPH 3.5 misec 196 ft
2453 CDE 6.3 MPH 2.8 misec 33t

0.0083 ""“ ‘j“ : Vertical Stability: A Temperature:  77.8 Deg F 25.4 DegC
k“"“"‘ dia /Ny @ 8 3 I Horizontal Stability Low: C Horizontal Stability High: D

Last Shutdown On: 05/10/2015 18:06

GEMS Conditions
j Log Count Rate: 0 CPS Chamber Size: 6-LITER

MAIN STACK  GEMS  162.8 kefm RDL 231.0 kefm
STANDBY GAS GEMS 2.9E-03 kefm RDL 1.1 kefm

Release Rates (uCi/sec): (O) = Currently Active Part/lod Station

PARTIC IODINE REPORT TIME
O HIRANGE P/ 2.21E+02 2.37E+01 08/12/2016 10:37
O LORANGEP/I 1.61E-04 1.52E-05 08/24/2016 12:33
NOBLE GAS 1.06E+03 08/25/2016 08:42

The GDN provides reaidtime radiation measurements in millirem per hour (em®r), and the
environmental dosimeters deployed around the plants are radiation measurements integrated over
the period of time they are deployed in the field (typically three months).
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Figure 6. Typical IEMA GDN Field Installation
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Braidwood Nuclear Power Station

Braidwood Station is located in Will County in northern lllinois, approximatéfymiles south
southwest of Joliet. This station utilizes two pressurized water reactors to genelexttricity for
Exelon. Unitl began operation in 1987 anutl2 in 1988.

Liquid effluents from the Braidwood Station are released in controlled batches to the Kankakee
River. In 2005it was discovered that a leak in the line that transportetuefits to the Kankakee
River had allowed for the unlicensed release of effluents to groundwater. As a result, trit8m (H
was found in ground water and a pond outside the boundaries of the plant. As part of its efforts to
identify releases and prevefutture exposure to the public, IEM&ontinues tosanple water from

public waterwaysand analyzes samples to detect any further spread of the plume.

Figure 7 is an overview of all sampling locations in the vicinity of the Braidwood Nuclear Power
Station (yellow starin the cente). The second yellow star near the tog-afure 7 is the Dresden
Nuclear Power StationResults for all samples collected in the environs of the Braidwood Nuclear
Power Station can be found Appendix A.
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